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ABSTRACT 

This paper proposes a. scheme fo r  r a t i o n a l  a l loca t ion  of publ ic  

resources f o r  the  support of science and technolow.  The scheme does 

not a i m  t o  supplant decision making by e lec ted  o r  appointed p o l i t i c a l  

o f f i c i a l s ;  r a the r  it aims t o  supplement and ra+ional ize  t h e  bod:! of 

t echn ica l  information on which t h e i r  decis ions a re  i n  p a r t  based. 

The scheme goes out from the  e x p l i c i t  recogni t ion t h a t  any govern- 

mental a c t i v i t y  i s  undertaken for  i t s  contr ibut ion t o  a mul t ip l i c i ty  

of  common goals. 

with respect  t o  the  p o t e n t i a l  contribution t o  each of the  common goals,  

as judged by experts with spec i f ic  r e spons ib i l i t y  towards t h a t  goal. 

The guiding p r inc ip l e  i n  s e t t i n g  up the  evaluat ion procedures i s  t o  

seek commensurable a l t e rna t ives  between which choices a re  t o  be made. 

The r e s u l t s  of t he  evaluat ion process a r e  submitted t o  t h e  government 

o f f i c i a l s  who a re  responsible f o r  decis ion,  as an input  t h a t  they are 

t o  take i n t o  account i n  a r r iv ing  at the  a l loca t ion  of government re- 

sources. 

it can be generalized t o  a id  i n  e s t ab l i sh ing  p r i o r i t i e s  among programs 

within s p e c i f i c  scient i f ic- technological  missions as w e l l  as t o  a id  

i n  a l loca t ing  government resources among broad na t iona l  goals. 

It then requires any proposed a c t i v i t y  t o  be evaluated 

If the  scheme proves o f  any value i n  i t s  intended appl icat ion,  



"We don ' t  seem t o  rece ive  much he lp  from t h e  s c i e n t i f i c  

community on t h e  question of p r i o r i t i e s , "  

G. Magnuson, Chairman, Senate Independent Offices Appropriations 

Subcornit tee,  89th Congress; hearings, 13 June 1966. 

Senator Warren 

I. BACKGROUND 

Rationale 

This paper presents a scheme f o r  a l loca t ion  of scarce resources. 

The l a r g e r  problem i s  t h e  a l loca t ion  of na t iona l  resources t o  s c i e n t i f i c -  

technological a c t i v i t y  Vis-8-vis other  a c t i v i t i e s  of the society;  t h e  

smaller one, the d i s t r i b u t i o n  of t h a t  por t ion  of na t iona l  resources 

devoted t o  sc ien t i f ic - technologica l  a c t i v i t y  among the various d i s -  

c i p l i n e s  and branches of t h a t  ac t iv i ty .  We s h a l l  l i m i t  our concern 

t o  what are ca l l ed  the  fully developed, i ndus t r i a l i zed  nations, i n  

p a r t i c u l a r  t h e  United S ta tes .  The a l l o c a t i o n  i n  t h i s  country is made 

through a combination of publ ic  and p r i v a t e  agencies, of which t h e  

lat ter are l a r g e l y  autonomous and cur ren t ly  plzy the  lesser d i r e c t  

ro l e .  We sha l l  deal with only t he  public sec tor ,  s p e c i f i c a l l y  t h e  

preponderant Federal  one. 

Un t i l  recent  years1-* t h e  mechanisms of  

much formal a t t en t ion ,  primarily because t h e  

a l loca t ion  did not ge t  

f r a c t i o n  of publ ic  re- 

sources devoted t o  science and technology was in s ign i f i can t .  Now 

t h a t  expenditures on research and development amount t o  a s u b s t a n t i a l  

p a r t  of the Federal budget, and indeed several percent of the na t iona l  

product, publ ic  s c r u t i r y  of t h e  mechanism of a l l o c a t i o n  i s  not o n l y  

f i t t i n g  but a lso inescapable. 
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I n  the  large,  we need t o  demonstrate t h a t  the  Federal funds 

a l loca ted  t o  research and development a re  as e f f e c t i v e  i n  contr i -  

bu t ing  t o  nat ional  goals as they would be i f  they were t o  be devoted 

t o  other  areas of publ ic  e f fo r t  - say, education, t ransportat ion,  

recrea t ion  - o r  l e f t  i n  t h e  pocket of the  taxpayers t o  dispose of 

as they see f i t .  There can hardly be any argument t h a t  i n  our system 

o f  government t h i s  kind of a l loca t ion  must be l e f t  up t o  the  Congress 

ac t ing  within cons t i tu t iona l  constraints  and j u d i c i a l  in te rpre ta t ions .  

Science and technology, l i k e  every other  sec tor  of t he  society,  must 

be allowed t o  plead i t s  cause, but it can hardly be allowed t o  judge 

i t s  case. 

v i t h  the  problem i n  the  l a rge ,  though i f  the  methods t o  be presented 

prove t o  have wef'ulness, they can be generalized t o  t h i s  wider scope. 

I n  the  present paper we s h a l l  not concern ourselves unduly 

I n  t h e  s m a l l ,  we need a scheme t h a t  w i l l  lead t o  equal marginal 

u t i l i t y  f o r  t he  expenditures i n  each d i sc ip l ine  and subdiscipl ine of 

science and technology. TIiough it i s  visicjiiziiy to expect pe-e-Acin- I LCL L # I W l l  

and universal  acceptance of such a scheme, it i s  d e f e a t i s t  t o  accept 

our present  hit-or-miss procedures as incapable of improvement. 

Government o f f i c i a l s ,  l e g i s l a t i v e  as w e l l  as executive, are crying 

out f o r  ass is tance from the  s c i e n t i f i c  community on the  assignment 

of p r i o r i t i e s .  The response has l a rge ly  been s i lence ,  broken occa- 

s iona l ly  by undignified spec ia l  pleading. 

t i f i c  community owes the  Nation and i tself  a b e t t e r  response. 

are not so presumptuous as t o  of fe r  t he  present  scheme as the  answer, 

bu t  we do hope t h a t  it m i g h t  stimulate development of procedures. 

We bel ieve that  the  scien- 

We 
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The object ion t h a t  t h e  scheme gets s c i e n t i s t s  involved i n  p o l i t i c s  

we meet i n  the  standard way - i f  t he  s c i e n t i s t s  don't  take care of 

t h e i r  own p o l i t i c s ,  someone e l s e  w i l l  do it f o r  them only too  gladly. 

I n  the  scheme t o  be proposed, the s c i e n t i s t s  get  involved i n  what 

seems t o  us  t o  be the l e a s t  objectionable way: they are allowed and 

encouraged t o  present the  merits of t h e i r  case, and they are  c lear ly  

i d e n t i f i e d  as advocates of t h e i r  cause. Furthermore, they are  a l lowed 

and encouraged t o  assess t h e i r  own spec ia l ty  i n  terms of i t s  p o t e n t i a l  

contr ibut ion t o  the  goals of the society.  

w i l l  enlarge their  mind; at the  most, it w i l l  l e t  t h e i r  s c i e n t i f i c  

t r d n i n g  and competence contribute e f f ec t ive ly  t o  attainment of  wise 

decisions.  

A t  the  l e a s t ,  t h i s  experience 

It is not t h e  i n t e n t  of t h i s  paper t o  develop a scheme 

t h a t  w i l l  supplant t he  p o l i t i c a l  decision-making process by a scien- 

t i f i c a l l y - o r i e n t e d  decision-making process executed by s c i e n t i s t s :  it 

i s  ra the r  t o  propose a scheme t h a t  w i l l  l e t  the  s c i e n t i s t s  contr ibute  

c bo 8 better-based procedme f o r  &xisfon m&ing by p o l i t i c s l  of f f c i c l s .  

Balance between Freedom from Direction and Support by Public 

Let  us t r y  t o  m a k e  e x p l i c i t  what i s  a c e n t r a l  point  i n  deciding 

t h e  propar amount of support t ha t  i s  given science and t e c h n o l o q  by 

the  publ ic ,  

cussed i s  described as a conf l ic t .  

p lay  as seeking an accommodation r a t h e r  than bes t ing  an adversary. 

Let us accept the t h e s i s  that  i n  t h e  modern world the soc ie ty  cannot 

t h r i v e  without t h e  f r u i t s  of science, and t h a t  science cannot f l o u r i s h  

Sometimes the  in te rp lay  between the  f a c t o r s  t o  be dis-  

We p re fe r  t o  describe the i n t e r -  



4 

without the  resources of t he  society. How much freedom should the  

s c i e n t i s t  demand? How much c a n t h e  society al low? 

cases should be avoided i s  clear enough. If the  performer i s  com- 

pletely free from d i r ec t ion  by the patron, l i t t l e  support w i l l  be 

forthcoming. 

l i t t l e  output w i l l  emerge. 

t h e  s c i e n t i s t ,  t he  ex terna l  ones by t h e  society.  Somehow a balance- 

po in t  must be establ ished.  

That t h e  l imi t ing  

If the  patron has complete cont ro l  of  t he  performer, 

The i n t e r n a l  resources are commanded by 

Schematically we may represent t he  s i t u a t i o n  as i n  Figure 1. 

The abscissa  i s  the  amount of support given t o  the  s c i e n t i s t  by the  

publ ic  au tho r i t i e s ,  and the  ordinate i s  h i s  freedom from d i r ec t ion  by 

the  publ ic  au tho r i t i e s .  On the  xy-plane a re  p lo t t ed  curves of constant 

product ivi ty  of the  s c i e n t i f i c  e f f o r t  ("productivity isoquants") . 
present  we cannot of course give accepted quant i f ied measures f o r  these  

variables (except; possibly monetary measures f o r  support) .  

first note t'nat tine society does not give t'ne s c i e n t i s t  compiete free- 

dom even with zero publ ic  support; c e r t a i n  kinds of inves t iga t ion  are 

prohibi ted by convention o r  by publ ic  policy.  Hence, a hor izonta l  

l i n e  i s  t o  be drawn at some l eve l  below complete freedom, t o  mark the  

region above it as a prohibi ted zone. 

unlimited publ ic  support t he  number of s c i e n t i s t s ,  not t o  mention the  

f a c i l i t i e s  ava i lab le  t o  them, is  bounded. Hence, a v e r t i c a l  l i n e  i s  

d r a m  t o  mark a l i m i t  beyond which publ ic  support i s  unut i l izab le .  

Within the  rectangle  between the axes and the  l i m i t  l i n e s ,  t h e  scien- 

t i f i c  community and t h e  community at l a rge  w i l l  e s t a b l i s h  a working 

A t  

Let  us 

We note n e x t  t h a t  even with 
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poin t ,  corresponding t o  a cer ta in  s c i e n t i f i c  product ivi ty .  It m a y  

be possible  t o  change the public support by a ce r t a in  ammount, at 

the same t i m e  changing the  freedom so as  t o  keep t h e  product ivi ty  

constant .  I n  t h i s  way an isoquant of s c i e n t i f i c  product ivi ty  may 

be t raced  out. By s t a r t i n g  at a point  not l y ing  on t h i s  isoquant,  

a new one may be generated. Awhole family of such curves thus  may 

be generated, a t  l e a s t  conceptually. 

To i l l u s t r a t e  t h i s  idea,  consider a community i n  which a ce r t a in  

l e v e l  of freedom i s  acceptable at a given t i m e ,  though publ ic  support 

of science i s  zero. Some s c i e n t i f i c  product ivi ty  w i l l  s t i l l  obtain,  

through p r iva t e  support and as personal hobby, i f  noth ing  else. Let 

us  suppose now t h a t  t h e  same productivity w i l l  r e s u l t  from a modicum 

of publ ic  support, w i t h  accompanying prescr ip t ion  of f i e l d  of a c t i v i t y .  

Le t  us suppose f u r t h e r  that  the g rea t e r  the support, the greater the 

r e s t r i c t i o n ,  so as t o  produce a curve decreasing s t r i c t l y  monotonically*, 

* This assumption is  questionable. I n  i t s  support we have opinions 
such as those of Michael Polanyi: viz. ,  any attempt at guiding 
s c i e n t i f i c  research toward a purpose o ther  than i t s  own is  t o  d e f l e c t  
from the advancement of science, Y e t  t h e  personal  experience of many 
of  us  would suggest t h a t  though t h e  majori ty  of s c i e n t i s t s  might thrive 
under great freedam, some need firm d i rec t ion .  The shape of the  aggre- 
ga te  curve would then remain an empirical matter. One m i g h t  speculate  
tha t  the p e r s o n a l i t i e s  and abilities of un ivers i ty  inves t iga to r s  lead 
t o  t h e  fami ly  of curves shown, whereas those of industry inves t iga to r s  
lead t o  the family s loping upward t o  t h e  r igh t .  This descr ip t ion  i s  
a way of saying tha t  univers i ty  research should not be subject  t o  ex- 
t e r n a l  d i r e c t i o n  for maximum product ivi ty  at given l e v e l  of support, 
whereas industry research needs t o  receive ex te rna l  d i r e c t i o n  t o  ob- 
t a i n  such pruduct ivi ty .  
wi th in  developed countries.  But it would be d i f f i c u l t  t o  defend the  
rules r a t iona l ly ,  i n  view of t h e  complexity of t h e  psychological and 
organiza t iona l  problems, on which l i t t l e  material and smaller agree- 
ment are avai lable .  

To sume exten t  these rules seem t o  be accepted 
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We can trace out s i m i l a r  curves, beginning w i t h  say high amounts of 

freedom and c e r t a i n  amounts of support depending on the  sp i r i t  of the 

community, and watching t h e  curves descend t o  t h e  l e f t  as support grows 

t o  sus t a in  a c t i v i t y  i n  prescribed regions. 

On t h e  same graph w e  m a y  draw a curve represent ing the  c m i t m e n t  

of publ ic  resources t h a t  the  government i s  wi l l i ng  t o  make i n  r e tu rn  

for commitment of s c i e n t i f i c  e f f o r t  towards spec i f ied  object ives .  For 

s impl ic i ty  we have shown t h i s  curve as a s t r a i g h t  l i n e ,  though t h i s  

condition i s  not e s sen t i a l .  The primary reason, of course, f o r  giving 

publ ic  funds t o  the  s c i e n t i f i c  community f o r  nondirected work i s  t h e  

unpredic tab i l i ty  of the appl icat ions of science,  and we need not ex- 

pand on t h i s  point .  From t h e  nat ional  standpoint,  t he  optimum opera- 

t i n g  point  w i l l  be t h a t  of tangency of the  public-support l i n e  t o  t h e  

appropriate product ivi ty  isoquant. This public-support l i n e  can be 

changed of course (as indeed it  has, and rapidly indeed during t h e  

past twezty yecm 1 by infIner?cicg p ~ ~ h l i c  ~ ~ i ~ ~ i o n  o r  o f f i c i d  practice 

through education, lobbying, propaganda, and changes i n  in t e rna l  and 

ex te rna l  circumstances. It would take us too  far a f i e l d  t o  discuss  

t h e  var ious f ac to r s  t h a t  can change the  slope of the l i n e  - we merely 

c i t e  as examples developments i n  technology (atomic energy, space 

vehic les ) ,  science (molecular biology), s o c i a l  needs (water supply, 

atmosphere pu r i f i ca t ion )  , education ( increase of science subjec ts  i n  

cu r r i cu la ) ,  politico-economic developments ( l e v e l  of prosperi ty ,  

changing mi l i t a ry  expenditures), and so on. Nor s h a l l  we attempt t o  

discuss  the  f ac to r s  t h a t  determine the  soc ia l - lega l  l i m i t s  placed on 
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t h e  freedom of inves t iga tors  - they are such as t h e  increasing en l igh t -  

enment of t he  community t o  enable it t o  accept once-taboo subjec ts  as 

l eg i t ima te  matters f o r  invest igat ion (and thereby raise the  v e r t i c a l  

i n t e rcep t  of t he  curve),  and increasing e t h i c a l  s e n s i b i l i t y  on the  

part of inves t iga to r s  t o  r u l e  out experiments of po ten t i a l  o r  ac tua l  

harm t o  subjec ts  o r  t h i r d  pa r t i e s ,  f o r  example, medical experiments 

on humans, unnecessary c rue l ty  t o  animals, possible  escape of dan- 

gerous radioact ive materials o r  of v i ru l en t  bi.ological materials (and 

thereby lower the  v e r t i c a l  in te rcept  of t he  curve). 

extremely important, but  they l i e  beyond the  immediate scope of t h i s  

paper, though successful  resolut ion of the  problem i n  the. s m a l l  w i l l  

make some contr ibut ion t o  r a t iona l  methods f o r  resolving the problem 

i n  the  large.  

These matters a re  

Nature of t h e  Scheme 

In real-l ife pmbhim, be they engineering er secicil, decisicr! 

making involves a compromise o r  trade-off among various components of 

the problems. Y e t  only narrow aspects of t he  problems are su i ted  t o  

ana ly t i ca l  treatment. True, ana ly t i ca l  t o o l s  are gradually ge t t i ng  

more powerful and sophis t icated.  Through t h e  centur ies  and then t h e  

decades, a r i thmet ic  has been supplemented by algebra, by the  i n t e g r a l  

and d i f f e r e n t i a l  calculus,  t h e  calculus of var ia t ions ,  s t a t i s t i c s ,  

computer ar t  and science,  l inear  programming, dynamic programming, and 

the  other  appurtenances of operat ional  research and systems analysis .  

But any p r a c t i t i o n e r  knows haw f u t i l e  it i s  t o  t r y  t o  b r ing  all aspects 
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of the  problem under ana ly t i ca l  treatment,  o r  even t o  decide what 

par ts  of t h e  organization should be considered within the  system 

under invest igat ion.  A "solution" can always be improved i n  c e r t a i n  

aspects ,  and not necessar i ly  at the  cost  of other  aspects.  An optimal 

so lu t ion  can be defined as one f o r  which any improvement i n  one aspect 

i s  necessar i ly  at the expense of some o ther  aspect. W e  wish our so- 

l u t i o n  t o  a t t a i n  our long-run objectives completely, b u t  without in -  

ordinate  consumption of our resources i n  t i m e  o r  money. 

so lu t ion  would a t t a i n  our long-run object ives  completely, but at 

The i d e a l  

i n f i n i t e  cos t  (zero economy); t h e  completely p r a c t i c a l  so lu t ion  en- 

tai ls  vanishingly small cos t  ( i n f i n i t e  economy), but makes no progress 

toward attainment of goals. Schematically, we can i l l u s t r a t e  the  

treatment w i t h  t he  aid of Figure 2. Here the  abscissa represents  

economy i n  t i m e  and money, the ordinate  the  attainment of long-run 

object ives .  A f r o n t i e r  separates possible  from impossible solut ions,  

t h e  q2tiEal so>Ll,ticn:: l y ing  en t h i s  frentier.  Pais cur'"re slspes 

downward t o  the  right, approaching each axis asymptotically. Solut ions 

less than optimal a re  represented by poin ts  l y ing  between the f r o n t i e r  

and the axes. Curves of constant e f f icacy  ("efficacy isoquants") may 

be loca ted  wi th in  t h i s  region. 

Under our present  system of s c i e n t i f i c  choice, we are at some 

poin t  such as A. Under the scheme proposed herein,  w e  aim t o  move 

t o  some poin t  such as B, at some cos t  i n  time and money, but  w i t h  

s u b s t a n t i a l  increase i n  attainment of long-run object ives .  Thus, 

we move t o  an isoquant of higher eff icacy.  We s h a l l  sure ly  s t i l l  be 
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far from the f r o n t i e r ,  but we s h a l l  have made some improvement. 

Same other  scheme might w e l l  be b e t t e r ;  if so, l e t  us get on with 

it. But i f  we neglect t he  problem a l toge ther ,  the  increasing 

complexity of science and technology w i l l  l i k e l y  force the  opera- 

ting point t o  a curve of even lower e f f icacy .  
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11. METHODOLOGY OF SCHEME 

Basis - 
The p r inc ip l e s  on which the proposed scheme i s  based are the  

following: 

1) Public support of a soc ia l  a c t i v i t y ,  s p e c i f i c a l l y  of 

s c i e n t i f i c  and technological research, i s  undertaken f o r  

t he  a c t i v i t y ' s  estimated contr ibut ion t o  a manifold of 

publ ic  goals; 

The organizat ional  s t ruc ture  of the  agencies concerned 

with publ ic  support of a s o c i a l  a c t i v i t y  i s  t o  be so 

ordered t h a t  decisions are t o  be taken between commen- 

surable  a l t e rna t ives .  

2) 

Application of these  pr inc ip les  can never be wholly sa t i s f ac to ry .  

With respect  t o  p r inc ip l e  1, the goals a re  d i f f i c u l t  t o  ident i fy ,  and 

t h e  contr ibut ions are hard t o  estimate;  w i t h  respect  t o  pr inc ip le  2, 

a l t e rna t ives  can never be completely commensurable. 

then can serve on ly  as norms. 

t o  pr inc ip le  1, Michael Polanyi asserts "Any attempt a t  guiding scien- 

t i f i c  research toward a purpose o ther  than i t s  own i s  t o  de f l ec t  it 

from t h e  advancement of science"; but  i n  a statement t h a t  we take t o  

support p r inc ip l e  1, Alvin Weinberg proposes t h a t  publ ic  support be 

given t o  f i e l d s  according t o  haw they meet t h ree  groups of c r i t e r i a :  

technological  merit, s c i e n t i f i c  merit, and s o c i a l  merit. Y e t ,  contrary 

t o  p r inc ip l e  2, Weinberg believes t h a t  " c r i t e r i a  f o r  s c i e n t i f i c  choice 

"he pr inc ip les  

Even here disagreement occurs. Contrary 
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w i l l  be most u se fu l  only i f  they can be applied t o  seemingly incommen- 

surable  s i t ua t ions" ;  but  Stephen Toulmin asserts t h a t  i n  most areas 

o f  publ ic  administration pr inc ip le  2 i s  accepted, and t h a t  t he  s t ruc -  

tures called f o r  have been developed - it i s  only i n  s c i e n t i f i c  matters 

t h a t  t h e  need f o r  such s t ruc ture  has not been recognized and f u l f i l l e d .  

Discussion of these  pr inc ip les  i n  the  abs t r ac t  i s  probably i d l e .  

The tes t  of them i s  t h e i r  u t i l i t y ,  and accordingly we propose a scheme 

exemplifying the i r  concrete application. The scheme, and t o  a related 

degree the  pr inc ip les ,  w i l l  stand o r  f a l l  according t o  the  c r i t e r i s  of 

f e a s i b i l i t y  and f ru i t fu lness .  

Technique 

I n  q u a l i t a t i v e  terms, t h e  method cons i s t s  of t he  following steps: 

1) Categorization of  

a)  public-welfare sec tors  (e.@;. , na t iona l  secur i ty ,  

publ ic  hea l th )  t o  which the  sc ien t i f ic - technologica l  

a c t i v i t y  i s  t o  contribute;  and, 

b )  scient i f ic- technological  a c t i v i t y  i n  terms of 

technica l  d i sc ip l ine  (e .g, , nuclear energy, molecular 

b i o l o w )  and i n  terms of inves t iga to r  motivation (e.g., 

bas i c  research, product development). 

2) Evaluation o f  

a) relative contr ibut ion of each sc ien t i f ic - technologica l  

d i s c i p l i n e  at each inves t iga to r  -motivation leve l  t o  each 

public-welfare sector .  These evaluat ions are m a d e  by 

exper t s  i n  each public-welfare sec to r  (e.g., defense 
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o f f i c i a l s  , publi  c -he a l t h  o f f i c i a l s  ) f o l l m i  ng 

presentat ions by s p e c i a l i s t s  at each motivational 

l e v e l  i n  each technical  d i sc ip l ine  (e.g., bas ic  

researchers  i n  nuclear physics, molecular biology). 

b )  

l e v e l  f o r  each technical  d i sc ip l ine .  

are  made by managers working i n  t h e  p a r t i c u l a r  d i s -  

c ip l ine  (e.g., industrial-research d i r ec to r s ,  govern- 

ment-laboratory d i r ec to r s ) .  

c )  r e l a t i v e  w e i g h t  of each public-welfare sec tor  by  

the  government o f f i c i a l s  concerned (e .g., Congressional 

committees, Bureau of t h e  Budget o f f i c i a l s ) .  

d )  

assigned each d i sc ip l ine  at each l eve l .  These evalu- 

a t ions  a re  primarily a c l e r i c a l  t a s k ,  and are obtained 

r e l a t i v e  need f o r  support at each motivational 

These evaluations 

preliminary warranted allotments t h a t  a re  t o  be 

by cmbirling the  r e l a t i v e  est imates  of 2. a>, b), c )  tc! 

get  a s ing le  number giving the  proportion of the t o t a l  

funds t o  be a l lo t t ed  t o  each d i sc ip l ine  at each l eve l .  

This number i s  then mul t ip l ied  i n t o  the  t o t a l  amount 

a l l o t t e d  f o r  s c i e n t i f i c  and technological  research and 

development. 

publ ic  au thor i ty ,  o r  mw be one proposed by an o f f i c i a l  

o r  unoff ic ia l  group, depending on the  o v e r a l l  purpose 

and framework of the decis ions t o  be made. 

The t o t a l  amount rnw be one f ixed  by a 



3) Adjustment of preliminary warranted allotments.  These 

allotments a re  inspected by the  publ ic  agencies charged w i t h  

implementing publ ic  a c t i v i t i e s  i n  science and technology. 

These publ ic  agencies m a y  i n v i t e  p r iva t e  or  quasipublic agencies 

t o  p a r t i c i p a t e  i n  the inspection. 

appear between the  preliminary warranted allotments tha t  the 

scheme provides, and the funds t h a t  t he  agencies deem warranted, 

the  discrepancies  are t o  be resolved by conference between 

agencies and est imators ,  or, t h a t  f a i l i n g ,  t o  be reported as 

a l t e r n a t i v e  estimates. The adjusted warranted allotments (as 

compromise figures or  a l t e rna t ive  ones) a re  presented t o  the  

governmental decision-making body f o r  i t s  consideration. It i s  

possible  t h a t  t he  evaluation of adjustment s teps  (and even the 

categorization!) m a y  have t o  go through another cycle o r  two. 

Where ser ious incongrui t ies  

U t i l i z a t i o n  of Resul ts  

The decision-making body o f  course has the  au thor i ty  f o r  making 

f i n a l  a l loca t ions .  

more o r  l e s s  extended period (e.@;. , a g r i c u l t u r a l  research, atomic- 

power development), t he  r e s u l t s  can be used t o  es t imate  haw nearly 

commensurate the  a c t i v i t y  of  a given agency i s  w i t h  i t s  mission. 

Appropriations f o r  the agency m a y  be reduced o r  increased, o r  another 

agency can be assigned a complementary par t  of t he  act ivi ty .  I n  cases 

where a new a c t i v i t y  i s  t o  be implemented, the results can offer a 

guide t o  an appropriate l e v e l  of funding. The decision-making body 

I n  cases where a c t i v i t y  has been going on for  a 
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n a t u r a l l y  w i l l  take i n t o  account t h e  various p o l i t i c a l  and 

psychological f a c t o r s  t h a t  l i e  outs ide t h e  reach of t h e  proposed 

scheme; bu t  at least t h a t  body can recognize e x p l i c i t l y  which 

cont r ibu t ions  t o  i t s  f i n a l  decision are t h e  consequence of expert 

informed opinion, and which are imposed by non-technical forces .  

We must not expect too  much of the  scheme. Even i f  the 

d i f f i c u l t i e s  t o  be discussed l a t e r  could be eliminated, we should 

s t i l l  be deal ing i n  an i n t r i c a t e  and subt le  region of opinion about 

present  matters, not t o  mention our f o r e t e l l i n g  t h e  fu tu re .  

Snow has pointed out t h a t  "...anywhere, decis ions about science 

and technology have t o  be taken..,No sens ib le  man i n  any country 

can a f ford  t o  be ce r t a in  t h a t  we know t h e  way t o  take them..." 

they do have t o  be taken, and i f  t h e  s c i e n t i f i c  community s h i r k s  i t s  

r e s p o n s i b i l i t y  i n  contr ibut ing t o  the decision-making process, it 

w i l l  l o s e  respect  and support by t h e  publ ic  and i t s  representa t ives  - 

Lord 

8 

But 

sad ma-ijr %ill. sw- it deserves to. Congress 9 , i n  partic-dai-, i s  showing 

increas ing  exasperation with the pleaders  f o r  Federal  support of 

science and technology: 

camittee, are going t o  make  decisions amongst a l t e rna t ives ,  i s  it 

not necessasy at the time you present a l t e r n a t i v e s  t o  present  some 

cri teria f o r  making the  choice and f o r  present ing  cos t  data with 

these  a l t e rna t ives? .  . ." 

"...But i f  the Congress and therefore ,  t h e  
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Categorization : General Remarks 

To a c e r t a i n  ex ten t  categorization must be azbi t ra ry .  Ideal ly ,  

we should l i k e  t o  categorize an a c t i v i t y  i n  terms of non-overlapping 

components referred t o  bases of comparable magnitude. I n  mathematical 

terms, we wish t o  refer an a c t i v i t y ,  considered as a vector,  t o  a 

complete set of orthogonalized and normalized base vectors.  The 

number of base vec tors  i s  determined by the nature of t he  a c t i v i t y  

+rid by t h e  purpose of the categorization. Often a given base vec tor  

m a y  i t se l f  be considered t o  be spanned by a subset of base vectors;  

f o r  example, na t iona l  s ecu r i ty  m a y  be considered t o  comprise m i l i t a r y ,  

emulation*, and aid components. These components, too,  could be broken 

down fu r the r .  

Actually f ind ing  a complete orthonormal set of base vectors i s  

v is ionary ,  and we must be content t o  seek such a formulation as only 

a t a rge t .  As examples of such attempts t o  categorize public-welfare 

sec to r s  (WS), consider Weinberg's proposal of "technological merit ,I1 

" s c i e n t i f i c  merit," and "soc ia l  merit." Here technological merit  

represents  t h e  normal balance between research cos t s  and prospective 

r e t u r n s  w i t h  which the d i r ec to r s  of all science-based i n d u s t r i e s  are 

f ami l i a r .  S c i e n t i f i c  merit i s  t o  be measured as much by i n d i r e c t  

* Ordinarily one speaks of "prestige". But "emulation" might be 
considered a more ap t  term i n  t h a t  it suggests a motive f o r  achieving 
p res t ige .  That is, i f  o the r  nations w i l l  accept our way of l i v i n g  
because they admire it, we are less l i k e l y  t o  have t o  invoke force  
t o  preserve it. 
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repercussions as by d i r e c t  promise: " t h a t  f i e l d  has the  most 

s c i e n t i f i c  merit which contributes most heavily t o  and i l luminates  

most b r igh t ly  i t s  neighboring s c i e n t i f i c  d i sc ip l ines ."  

has t o  do w i t h  such th ings  as health,  food production, defense, and 

pres t ige .  We can r ead i ly  see some shortcomings of t h i s  reso lu t ion  

Social  merit 

w i th  respect  t o  nonorthogonality ( fo r  example, technological merit  

makes some contr ibut ion t o  soc ia l  merit) o r  t o  completeness ( f o r  

example, i n t e l l e c t u a l  s a t i s f ac t ion  o r  enli@tenment f o r  nonsc ien t i s t s  

i s  not e x p l i c i t l y  included, nor is  economic s t imulat ion) .  

reso lu t ions  can be suggested, as by governmental function: na t iona l  

Other 

defense, i n t e rna t iona l  affairs and finances,  space research and tech-  

nology, agr icu l ture  and ag r i cu l tu ra l  resources,  na tu ra l  resources,  
I 

coxnerce and t ranspor ta t ion ,  housing and community development, heal th-  

labor-welfare, education, veterans bene f i t s  and services ,  general  

government. O r  by governmental agency: l e g i s l a t i v e  branch, jud ic ia ry  

bran.ch, executive brzrch  - a g r i c i ~ t i n e ;  cameme; defense ( m i l i t a r y  

and c i v i l ) ;  health, education, and welfare; housing and urban develop- 

ment; i n t e r i o r ;  j u s t i c e ;  labor; post o f f i ce ;  state; t reasury;  Atomic 

Energy Commission; Federal  Aviation Agency; General. Services Adminis- 

t r a t i o n ;  National Aeronautical and Space Administration; Veterans 

Administration. O r  by categories suggested by individuals ,  f o r  example, 

Laswell 's  c l a s s i f i ca t ion :  enlightenment, s k i l l s ,  respect  ( i . e . ,  s t a t u s ,  

p re s t ige ) ,  a f f ec t ion  (i.e., fee l ing) ,  r ec t i t ude  (i.e.,  moral i ty) ,  power, 

wealth, well-being (hea l th ,  t r a n q u i l l i t y ) .  Each of the  c l a s s i f i c a t i o n s  
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mentioned has ser ious  drawbacks, but  they i l l u s t r a t e  the  type of 

ca tegor iza t ion  intended. Less acc identa l  c l a s s i f i c a t i o n s  might be 

produced by a group of thoughtful and experienced s tudents  drawn from 

t h e  ranks of un ive r s i t i e s ,  industry, government, and foundations. For 

example, these s tudents  might deem t h e  purpose of t h e  government t o  be 

providing f o r  t h e  secur i ty  and t h e  progress of t h e  nat ion,  and might 

divide the  segments i n t o  external  ones (say mil i t a ry ,  emulative, 

supportive) and i n t e r n a l  ones ( s a y  heal th ,  broken down i n t o  ag r i cu l tu ra l ,  

medical, environmental, recrea t iona l ;  economic, broken down i n t o  

s t a b i l i z a t i o n a l  and innovational; and so on) .  This categorizat ion 

i s  not idea l ,  of course; where i s  "enlightenment" t o  be inclirded? 

Does it not make contr ibut ions t o  ex te rna l  segments as well as 

i n t e r n a l  ones? 

Similar  considerations are re levant  f o r  the  categorizat ion i n t o  

sc ien t i f ic - technologica l  d i sc ip l ines  (STD); but  here  a grea te r  degree 

of  acceptance i s  probably at ta inable .  Long-established p rac t i ce  has 

brought about f a i r l y  standard categorization, and the  subject  matter 

i s  f a  less l i k e l y  t o  exc i t e  emotions. We need decide ch ief ly  what 

degree of f ineness  we wish - whether we des i re ,  f o r  example, a very 

broad d iv i s ion  i n t o  s o c i a l  sciences and na tu ra l  sciences;  o r  a less 

broad d iv i s ion  of na tu ra l  sciences i n t o  physical  sciences and bio- 

l o g i c a l  sciences;  o r  a narrower d iv i s ion  of phys ica l  sciences i n t o  

mathematics, physics, chemistry, astronomy, geology; o r  a subdivision 
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of physics i n t o  so l id-s ta te ,  molecular, atorn-c, nuclear,  fundamental- 

p a r t i c l e ,  and so on. 

example, chemical physics and physical chemistry; biophysics and 

physiology), but  through t h e  years separat ions have been made i n  

p rac t i ce  without encountering insurmountable obstacles.  

Obviously areas of poss ib le  overlap occur (€or  

For the  investigator-motivation l e v e l s  (IML), the  a r b i t r a r i n e s s  

of c l a s s i f i c a t i o n  i s  high, but  subs t an t i a l  precedent i s  ava i lab le  t o  

guide us. 

applied research, and development has been p r e t t y  w e l l  accepted, by 

In  t h i s  country t h e  c l a s s i f i c a t i o n  i n t o  bas i c  research, 

both the  National Science Foundation'' and the  U.S. Chamber of Commerce 11 

t o  name two es tab l i shed  organizations. 

with the  a r b i t r a r i n e s s  and the  overlap of  t h i s  c l a s s i f i c a t i o n ,  s h i f t i n g  

port ions of some a c t i v i t i e s  back and fo r th  as experience d i c t a t e s .  I n  

o ther  lands o ther  c l a s s i f i c a t i o n s  have developed. 

B r i t a i n ,  f o r  instance,  gives four c lasses :  pure research; speculat ive 

technology; product-oriented research; problem-oriented research. I n  

the United S t a t e s  many people would f i n d  unnecessary the separat ion 

of the  f i n a l  two classes .  

People have learned t o  l i v e  

Toulmin i n  Great 

A t  any r a t e ,  only experience with t h e  proposed scheme can 

demonstrate t h e  merits of various ca tegor iza t ions  i n  any of the  areas. 



Evaluation: General. Remarks 

Sooner o r  later, and usually sooner, any attempt t o  r a t iona l i ze  

decis ion making about human behavior meets head on the  problem of 

value judgments. 

t h i s  question. A penetrat ing,  reasoned, and d isquie t ing  discussion 

runs throughout Churchman's Prediction and O p t i m a l  Decision12 (sub  t i t l e d  

Philosophical Issues  of a Science of Values), culminating i n  Ch2"pter 

7. We f a l l  back on the compelling circumstance t h a t  value judgments 

do have t o  be made, and we s h a l l  not attempt t o  develop a science of 

We have neither t he  space nor the  a b i l i t y  t o  treat 

v d u e  measurement. 

sub jec t iv i ty  of the  process of judging. 

But our eyes a re  not s h u t  t o  t h e  complexity and 

As much as feas ib le ,  we en- 

deavor t o  s o r t  out the factors i n  order t o  cope w i t h  the  complexity of 

t he  process. And we t r y  t o  ident i fy  and i s o l a t e  t h e  areas where sub- 

j e c t i v i t y  i s  paramount. . We submit, moreover, t ha t  t h e  sub jec t iv i ty  i s  

not so high as i s  t r a d i t i o n a l l y  assumed. 

nas been m a d e  on demonstrating tha t  t'ne CoriseilsuS i n  hiiiian Judgment 

may be quantified.  S. S. Stevens13, basing h i s  statement on e a r l i e r  

work by Thurstonel' at Chicago i n  1929 on attempting t o  formulate an 

I n  t h e  pas t  decade a start 

a t t i t u d e  scale ,  and on more recent work throughout the  world, a s s e r t s  

that "For those who must bu i ld  t h e i r  science on one or another consensus 

of human judgment, a way seems open for an e f f e c t i v e  quant i f icat ion."  

Finnie and Luce at Harvard i n  1959, Ekman and h i s  colleagues at Stock- 

holm i n  1956 and subsequent years, Indow at Japan i n  1959, and o thers  

have demonstrated t h e  p o s s i b i l i t y  of obtaining - i n  quan t i t a t ive  terms 

both reasonable agreement among observers, and simple r e l a t i o n s  among 

a t t i t u d e s  quant i f ied by t h i s  agreement. Prodigious i s  t h e  t a s k  t h a t  
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. 
remains, y e t  attainment of quant i f icat ion w i t h  respect  t o  human 

judlgment can no longer be dismissed out  of hand. 

But because the day of acceptance of quan t i t a t ive  value 

judgments i s  not at hand (and also t o  allow f o r  non l inea r i t i e s  t ha t  

are not taken i n t o  account i n  the ana ly t i ca l  procedures t o  be in t ro -  

duced), we attempt t o  compensate f o r  lack  of immediate o r  even u l t i -  

mate consensus by introducing an adjustment procedure t o  give some 

a t t e n t i o n  t o  inconsis tencies  and disagreements. 

procedure can be made i t e r a t i v e  i f  necessary, but it i s  unl ikely 

t h a t  more than one or two i t e r a t ions  can be j u s t i f i e d .  

The adjustment 

The evaluat ion procedure consis ts  i n  having an expert* i n  a 

c e r t a i n  f i e ld  ( f o r  instance,  public hea l th )  estimate t h e  r e l a t i v e  

p o t e n t i a l  value of given a c t i v i t i e s  ( fo r  instance,  atomic energy, 

molecular biology, astronomy) i n  contr ibut ing t o  na t iona l  goals 

i n  h i s  f i e ld ,  after s p e c i a l i s t s  i n  the  given a c t i v i t i e s  have had 

a chance t o  present  the i r  cases before the  expert. This evaluat ion 

has  three successive stages, corresponding t o  t h e  three  categoriza- 

t i o n s  l i s t e d  earlier. We now formalize t h i s  process. 

Stage I: E x p e r t s  i n  t he  k-th PWS estimate the  r e l a t i v e  value 

X i j , k  of the  i - t h  STD at the j- th IML, following b r i e f i n g  of the  

experts i n  the  k-th PWS by s p e c i a l i s t s  i n  each of the  STD's at 

each of the  m IML's. It w i l l  be convenient t o  normalize t h e  sum 

- of the  estimates for  a given STD and a given IML t o  100% (1 xijYk - 
k= 1 

1 = lm). We thereby generate a crude e f f ic iency  matrix xij,k. 

* O f  a body of experts  who have adopted some procedure t o  
a t t a i n  some kind of consent. 
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Stage 11: For each of t h e  J? STD's, managers experienced i n  

t h a t  STD estimate the relative claims p of each of the  m IML's. 
iJ 

It w i l l  be convenient t o  normalize t h e  sum of the  estimates f o r  a 

given STD t o  lo@( 
m 

1=1 
p i j  = 1 = loo$). Each term of the  crude 

e f f i c i ency  matrix x' is multiplied by t h e  corresponding p . .  t o  
i j , k  1J 

\ produce a weighted e f f ic iency  matrix y i j , k i y i j , k  
'ij X i , j , k ) *  

Stage 111: For each of the PWS's, the  l e g i s l a t o r s  (or  t h e i r  

delegated a ides)  estimate t h e  r e l a t i v e  importance w 

t h e  m FWS's, following presentations by experts i n  each PWS i f  

t he  l e g i s l a t o r s  des i re .  It  w i l l  be convenient t o  normalize t h e  

of each of 
k 

sum of t h e  wk t o  100g tz wk = 1 = 1009). Each term of t he  weighted 
=1 

e f f i c i ency  matrix yi.j,k i s  multiplied by the  corresponding wk t o  

produce a preliminary effectiveness matrix z / 

i j , k  i z i j , k  = Wk ' i j , k ) *  

Ad justrnent : General Remarks 

The need f o r  adjustment i s  a t  l e a s t  three-fold - f i rs t ,  the  

value judgments inherently cannot be made exac t ly  or  accurately;  

second, t h e  e f fec t iveness  of a pa r t i cu la r  a c t i v i t y  may be so  low 

t h a t  funding at t h e  warranted l e v e l  would be beneath a c r i t i c a l  l e v e l  

and thus  be ine f f ec t ive  and wasteful; o r ,  on the  o ther  hand, so high 

t h a t  supporting it would be  beyond the  Nation's resources i n  man- 

p o w e r  or material; and t h i r d ,  r e l a t i v e  allotments might be p o l i t i c a l l y  

incongruous and inacceptable, In t h e  second and t h i r d  cases,  t he  

discrepancy between t h e  warranted allotment and the  prac t icable  

one serves as a warning s i g n a l  t o  t h e  Nation. 
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Idea l ly ,  a l l  the  persons who have pa r t i c ipa t ed  i n  the  pre- 

l iminary evaluat ing s teps  should have had a chance t o  rev ise  t h e i r  

estimates following conferences w i t h  other  par t ic ipants .  

w i l l  lead e i t h e r  t o  converging est imates ,  o r  t o  i r reconci lab le  

d i f fe rences  tha t  would  be recognized and reported. 

t h a t  ac tua l  rev is ion  according t o  the process out l ined would be 

required only where novelty i s  high o r  spec ia l  i n t e r e s t  i s  excess- 

ive. Most of t he  time it would be s u f f i c i e n t  f o r  the administrators 

of the  agencies who have the  respons ib i l i ty  f o r  carrying out the 

program t o  inspect  the preliminary warranted allotment, and t o  

hold conferences w i t h  the  evaluators wherever t he  views of t he  

adminis t ra tors  differ  s t rongly from those of the  evaluators.  Cer- 

tainly t h e  administrators are  not  neu t r a l  p a r t i e s ,  but t h e i r  very 

commitments insure t h a t  t h e i r  missions w i l l  not su f f e r  ina t ten t ion .  

Moreover, the administrators must have broad views of t h e i r  programs. 

If accepteble cmpmises  m e  achieved, the revised f igu res  can be 

submitted as adjusted warranted allotments.  If such compromises 

are not achieved i n  the conferences, the a l t e rna t ive  f igu res  are 

t o  be presented t o  the f i n a l  authori ty ,  w i t h  as much supporting 

material as the  f i n a l  authori ty  is wi l l i ng  t o  consider and t h e  

contending p a r t i e s  are wi l l ing  t o  submit,* 

I t e r a t i o n  

It i s  probable 

* 
form of government. 
a sens i t i ve  ind ica t ion  of imbalances i n  a l loca t ions .  "his i n b u i l t  
mechanism need not be recognized e x p l i c i t l y  i n  our scheme, but it 
should be kept i n  t h e  back of t h e  mind as a kind of fundamental 
cor rec t ive  feedback process that w i l l  keep doc t r ina i r e  schemes from 
going w i l d l y  astray. True, t h i s  mechanism i s  not appealing for its 
l o g i c a l  neatness, but  i t s  strength cannot be doubted. 

Actually a secular  adjustment mechanism i s  b u i l t  i n t o  a representa t ive  
Budgets and performances i n  successive y e w s  give 
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Now we must extend our formalism t o  handle tha t  p a r t  of the 

adjustment process where t h e  agencies a re  involved. 

are the  n a t u r a l  o r  at least the standard language f o r  expressing 

a l loca t ions  and p r i o r i t i e s ,  we f irst  t r a n s l a t e  t he  dimensionless 

e f fec t iveness  matrix i n t o  monetary quan t i t i e s .  This t r a n s l a t i o n  

i s  made by assuming t h a t  t h e  governmental au thor i ty  i s  w i l l i n g  t o  

a l l o c a t e  a t o t a l  sum V t o  all the STD's at a l l  IML's f o r  a l l  PWS's. 

To some exten t  t h i s  assumption begs the  question, f o r  t h e  t o t a l  

amount V w i l l  depend on the  success of t he  agencies o r  t h e i r  cham- 

pions i n  persuading higher au tho r i t i e s  o r  t h e  public t h a t  a higher 

allotment is needed. 

procedure being proposed herein i s  merely a sub-case of a general  

a l l o c a t i o n  procedure, wherein t h e  amount V i s  a l loca ted  from a 

genera l  t o t a l  of all government expenditures i n  terms of i t s  claims 

in competition with o ther  sectors of t he  publ ic  w e a l .  

grand t o t a l  i s  subjec t  t o  modification by t h e  l e g i s l a t u r e  i n  response 

t o  i t s  views and t h e  pressures on it. This modification, too, i s  i n  

p a r t  cont ro l led  by the  effectiveness of t he  champions of research and 

development i n  press ing  t h e i r  case. I n  o ther  words, adjustment and 

feedback are i n t r i n s i c  parts of t h e  process, at a l l  levels at a l l  

times. 

Since budgets 

O r ,  from another po in t  of view, the  a l loca t ion  

And even t h i s  

I n  any event, we need t o  ge t  do l la r  f i g u r e s  tha t  can be appre- 

ciated by agency administrators, executive o f f i c i a l s  ( s p e c i f i c a l l y  

those  i n  t h e  Bureau of t he  Budget), and l e g i s l a t i v e  o f f i c i a l s  (spe- 

c i f i c a l l y  Congressional committees or subcommittees and t h e i r  s t a f f s ) .  
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We transform t h e  preliminary effectiveness matrix z i j , k  i n t o  a 

preliminary warranted-allotment matrix G 

Z 

by multiplying each 
i j , k  

i n t o  V, where V is  e i t h e r  a prescribed t o t a l  amount or  a 
i j  ,k 

pro jec ted  one, as the  circumstances demand: 

- - z V. (i = 1, ... 2; j = 1, ... m; k = 1, ... n )  G i j , k -  i j , k  

Each element of t h i s  9 x m x n matrix represents  the support w a r -  

ran$ed f o r  t he  i - t h  d i s c i p l i n e  at  t h e  j - t h  l e v e l  w i t h  respect t o  

i t s  estimated contributions t o  the  k-th sec tor  ( f o r  example, support 

f o r  molecular biology at  t h e  basic-research l e v e l  w i t h  respect t o  

t h e  estimated cont r ibu t ion  t o  public hea l th ) .  These matrix elements 

are not of much appeal to practical-minded administrators (or 

theoretical-minded ones either). 

The two-dimensional matrix G obtained by summing G over 
i j  i j , k  

k, however, has fairly d i r e c t  apprehensibil i ty:  

7 n l  
t i  = I ,... 2; j = i ,... m) Gij ,k '  

Gi j  = i, 
k= 1 

This element represents  t he  amount warranted f o r  support of the i - t h  

STD at the j - t h  IML (e.g., f o r  the support of molecular biology at 

the basic-research l e v e l )  for dl PWS' s ( i . e  . , w i t h  a view t o  the 

cont r ibu t ion  of t h i s  a c t i v i t y  t o  all sec to r s  of t h e  public weal ) .  

We m q y  reduce the  9 x m x n matrix G 

o r  vector,  by summing over e i t h e r  index. 

t o  a one-dimensional matrix, 
i j  

I f  we sum over j ,  we get  

t he  vector 
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each component of which represents the  amount warranted f o r  the  

support of the  i - t h  STD a t  all IML's (e.g., f o r  t he  support of 

molecular biology a t  a l l  l eve l s  f o r  dll purposes). If we sum 

over i, we get the vector  

7 
hl 

G =  $ G  (j=l, .  . .m) 
j i= i j  

each component of which represents the  amount warranted f o r  the  

support of a l l  STD's at the  j - t h  l e v e l  (e.@;., f o r  the support of 

a l l  d i sc ip l ines  at the basic-research l e v e l  f o r  a l l  purposes - i n  

sho r t ,  f o r  all "basic research").  
- 

If now we sum e i t h e r  Gi over i, t h a t  is ,  over 

o r  G .  over j ,  t h a t  i s ,  over all l e v e l s ,  we get  the  

for support of a l l  d i sc ip l ines  a t  all l eve l s ,  t h a t  
2 m m 

- 
J 

/ 

the t c t c  amc-mt warranted for a.;ijport of research 

a l l  d i sc ip l ines ,  

amount warranted 

is, the quan t i ty  
n 
7 

\ 

md development 

a c t i v i t i e s  at a l l  l e v e l s  over a J l  d i sc ip l ines  f o r  all purposes. 
N 

- 
Once the  preliminary warranted amounts Gi, Gj, and V have been 

figured, they should be inspected ( insofar  as feas ib l e )  by t h e  

spec i t l l i s t s ,  experts ,  managers, and l e g i s l a t o r s  t o  e l iminate ,  re -  

conci le ,  or  i d e n t i e  ser ious incongrui t ies  and disagreements. Such 

inspect ion w i l l  expedite the formal  adjustment process t o  be car r ied  

out with the  representat ives  of e x i s t i n g  agencies (and w i t h  spokes- 

men f o r  a c t i v i t i e s  not ye t  under the  aegis  of an ex i s t ing  agency, 

where so ind ica ted) .  
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We may now begin t h e  formal adjustment process. The agency 

adminis t ra tors  are t o  inspect t he  preliminmy warranted allotments 

GiS , and when a severe disagreement e x i s t s  between the G 

j u s t  determined, and an adminis t ra tor ' s  estimate of t h i s  quant i ty ,  

as 
i j  

t h e  adminis t ra tor  i s  t o  confer w i t h  the appropriate experts, managers, 

and l e g i s l a t o r s  (with any party being f r e e  t o  c a l l  upon specialists 

for addi t iona l  b r i e f ing ) .  If t h e  concerned p a r t i e s  can agree on a 

compromise f igu re  f o r  a given G , t h i s  s ing le  f igure  i s  t o  be 

entered as the  adjusted warranted allotment G ' 
t he i r  separate  estimates are t o  be entered t o  give a G ' 

i d  
; if  they cannot, 

t ha t  has 

i j  

i j  

t w o  component s . 
It may - indeed, it w i l l  - happen tha t  some over-riding p o l i t i c a l  

o r  technica l  considerations require t h a t  t h e  t o t a l  sum be changed.* 

For example, developments i n  a f i e l d  of po ten t i a l  defense app l i cab i l i t y  

(such as i n  space technology) may necess i ta te  a subs t an t i a l  increase 

i n  t h e  t o t a l ,  o r  changes i n  t h e  Nation's economy (such as a recession)  
/ 

m a y  requi re  a subs t an t i a l  decrease. Hence, we should permit the 

preliminary t o t a l  V t o  be replaced by an adjusted t o t a l  V'. 

* The adjustment process might go through addi t iona l  s tages;  i n  t h a t  
case a (primed) quant i ty  adjusted from i t s  (unprimed) value would be 
replaced py a double-primed quantity as a r e s u l t  of the second ad- 
justment, by a triple-primed one as a r e s u l t  of the t h i r d ,  and so on. 
Actually t h e  nota t ion  (not t o  mention the  process) would be g e t t i n g  
p r e t t y  top-heavy by then. 
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. . . . . . . . 
I n  re t rospec t ,  we have given t o  the two sets of spec ia l  

pleaders,  s., the first, t h e  s p e c i a l i s t s  i n  the d i sc ip l ines  

at  each level, and t h e  second, t he  agency administrators charged 

with fu r the r ing  the i r  individual missions (or  o ther  dedicated 

persons), a chance t o  be heard by evaluators t h a t  are t o  a sub- 

stantial ex ten t  impas t ia l  with respect t o  t h e  dec is ions  tha t  they 

must make .  And i n  t h e  process, we have t r ied  t o  l e t  t h e  evaluators 

choose between commensurable a l t e rna t ives  on which they have had 

t h e  opportunity and respons ib i l i ty  t o  become informed. Thus, an 

expert  i n  m i l i t a r y  appl ica t ions  of science and technology might 

eva lua te  t h e  r e l a t i v e  p o t e n t i a l  cont r ibu t ions  of molecular biology, 

nuclear energy, and astronomy t o  h i s  mission; a manager of a govern- 

ment i n s t a l l a t i o n  charged w i t h  explo i t ing  t h e  f i e ld  of nuclear energy 

might evaluate t h e  r e l a t i v e  p o t e n t i a l  cont r ibu t ions  of basic research, 

applied research, and deveiopment i n  t h i s  f i e l d ;  a l e g i s l a t o r  or  a 
/ 

l e g i s l a t i v e  committee might estimate the  w e i g h t  t o  be given arms po- 

t e n t i a l  vis-%-vis na t iona l  pres t ige  or publ ic  heal th  and so on. 

f a c t i o n  has a chance t o  be heard by i t s  judges, and every judge has 

Every 

t h e  chance t o  become informed. 



28 

COMPARISON OF WARRANTED AMOUNTS W I T H  ASSIGNED AMOUNTS 

NOW t h a t  we have our G' , what may be done w i t h  them? These are 

"warranted" amounts i n  the  sense t h a t  they represent estimates by com- 

pe ten t  judges who have had an opportunity t o  become acquainted w i t h  

t h e  re levant  fac tors .  

t h e  G i j  can cons t i t u t e  the basis for it. If a funding a l loca t ion  has 

been made earlier,  t h e  G i j  can be compared with the  amounts tha t  were 

provided under the  previous schedule. 

these amounts "assigned amounts." 

p r i a t ions ,  obligations,  expenditures, o r  components of any of these ,  

i j  

If a funding a l loca t ion  has not been made earlier, 

For convenience, l e t  us c a l l  

They may be authorizations,  appro- 

according t o  how t h e  agencies care, o r  are forced, t o  break them down. 

To describe t h i s  process we introduce a formalism t o  charac te r ize  

t h e  agency assignments. Suppose t h a t  we have v agencies, labeled by 

t h e  superscr ip t  CY( cy = l,.. . v ). 

t i o n  

Each agency will have a t o t a l  authoriza- 

T u ,  bu t  all t h a t  concerns us  i s  the por t ion  of it t h a t  i s  assigned 

\ ,  . cy 
t o  a c t i v i t y  i n  science and techiiology. Desip,ate 5y T i j  (CY= 1, ... Y )  

i = 1,. . J? ; j = 1,. .m) t he  amount assigned by t h e  CY-th agency f o r  re- 

search i n  the  i - t h  STD at the  j- th IML. If we sum these mounts f o r  

all agencies, that  is, over CY, we get an x x m matrix 

( i  = 1 ,... 1 ;  j = 1 ,... m) 

Q 
CY 7 - 

rij= rij . L l  

u = l  

as agency assignments f o r  a l l  government support o f  the i - th  STD at  

t h e  30th IML. It i s  t h i s  quantity which can be compared with t h e  Gij  

defined previously as 

GiJ- G i j , k  , ( i  = 1 ,... Q ;  j = 1 ,... m) 
k= 1 



the preliminary warranted allotments f o r  all government support of 

t h e  i - t h  STD at t h e  j - t h  IML. 

E i t h e r  e x p l i c i t l y  o r  imp l i c i t l y  t h e  t o t a l  of the agency assign- 

ments f o r  science and technolorn i s  an important datum. This amount 

we c a l l  W, obtaining it by summing t h e  r i j  over a l l  i and j: 
Q m  

1 7 
\ J 

W = L ,  L I - ~ ~ .  
i=l j=l  

For purposes of fu r the r  analysis, and perhaps f o r  use i n  t he  ad jus t -  

ment process, it i s  advantageous t o  define,  i n  analogy w i t h  Gi and 
N - 

N 

G t h e  v e c t o r s r i  a n d r  
j' j .  

I m - 

each component of which represents t h e  agency assignments f o r  the  

support of the i - t h  STD .at a l l  IML's; and 
2 

each component of which represents t he  agency assignments for t he  

support of all STD's at the j - t h  IML. It i s  obvious tha t  
P m 

Y -  w =  
i=l j =1 

The l e g i s l a t i v e  body will surely wish t o  compare W, t he  t o t a l  

of t h e  agency assignments f o r  science and technology, with Vi t he  

t o t a l  of the  adjusted warranted amounts. !The l e g i s l a t i v e  body's 

i n i t i a l  j u d w e n t  as t o  the congruence between W and Vi however, 

is l i k e l y  t o  be highly t en ta t ive ,  u n t i l  it has  heard the r eac t ion  



o f  the agency adminis t ra tors  t o  t he  detailed d i f fe rences  between 

, t he  preliminary warranted allotment of t he  i - t h  STD a t  t h e  G i J  

j - t h  IML, and r i j  , t h e  ac tua l  a,gency assignment f o r  t h a t  a c t i v i t y .  

Each agency should have both the opportunity and t h e  r e spons ib i l i t y  

t o  discuss  w i t h  t he  l e g i s l a t i v e  body the canrmensurateness of i t s  

support of  each d i s c i p l i n e  a t  each l e v e l  w i t h  reference t o  i t s  

mission. It may tu rn  out,  on the  one hand, t h a t  t he  t o t a l  of the 

agency assignments f o r  basic research i n  astronomy, say, f a l l s  far 

below the t o t a l  of t he  warranted allotments.  Mission-oriented 

agencies t o  which progress i n  astronomy is  highly re levant ,  such 

as NASA, Weather Bureau, or A i r  Force, could then ask f o r  addi t iona l  

funds f o r  supporting such ac t iv i ty ;  o r  they could request t h a t  t h e  

NSF, as an agency charged spec i f i ca l ly  with support of bas ic  research, 

make up t h e  difference.  

mission-oriented agency i s  supporting a f i e l d  t o  a degree t h a t  would 

seem t o  exceed the  reference terns of its mission. Tine l e g i s l a t i v e  

body - i n  case it i s  not convinced or  persuaded by the  agency's ex- 

p lana t ion  - can then recommend a decrease i n  support of t h a t  a c t i v i t y  

at t h a t  l e v e l  f o r  t h a t  agency, w i t h  t r ans fe r  of a port ion of respon- 

s i b i l i t y  t o  another agency i f  support i s  j u s t i f i e d ,  o r  it can rec- 

commend a decrease i n  t o t a l  support. Of f i c i a l s  i n  both the l e g i s -  

lative and the  executive branch w i l l  thus  have a more s o l i d  basis 

f o r  evaluat ing the appropriateness of the t o t a l  e f f o r t  and i t s  d i s -  

t r i b u t i o n  among agencies concerned. 

On the o ther  hand, it m a y  t u rn  out t h a t  a 
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The scheme endeavors, i n  t h e  language of economics, t o  furnish 

the l e g i s l a t i v e  body w i t h  the requis i te  information f o r  t r ans fe r r ing  

resources from one a c t i v i t y  t o  another so as t o  equalize t h e  marginal 

product ivi ty  of each ac t iv i ty .  True, the  scheme t r e a t s  the r e l a t ions  

among the  variables as l i n e a r ,  which they are  surely not. Through 

t h e  adjustment procedure, nevertheless, t h i s  objection can la rge ly  

be m e t .  

would be by an i t e r a t i v e  process not d i f f e r i n g  too much i n  consumption 

of t h e  and e f f o r t  from the  adjustment  process suggested. 

I n  f a c t ,  t he  i n i t i a l  handling of them i n  the  nonlinear case 

I n  prac t ice ,  natural ly ,  the scheme would be adopted on a con- 
t 

t i n u i n g  basis, w i t h  experience from year t o  year leading t o  regular  

adjustment, and t o  iden t i f i ca t ion  and perhaps i s o l a t i o n  of i n t r a c t -  

able regions. 

t h e  e r r o r s  i n  t h e  estimates w i l l  produce consequences less ser ious 

than those r e s u l t i n g  from autonomous disturbances t o  t h e  a l loca t ion  

But a kind of convergence may be expected, so t h a t  

process such as breakthroughs i n  technology, changes i n  prosperi ty  

l eve l ,  s h i f t  i n  ru l ing  party,  and developments i n  foreign r e l a t ions .  
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W. LIMITATIONS AND CAUTIONS 

I n  t h e  Small  

1) D i f f i c u l t i e s  i n  t h e  categorization process. The problems 

a r i s i n g  i n  t h i s  s t e p  are f irst ,  choosing t h e  agents responsible for 

t h e  ca tegor iza t ion ,  and second, choosing t h e  basis f o r  t h e  ca tegor i -  

zation. 

With respec t  t o  the agents, we need concern ourselves w i t h  

t h e i r  i m p a r t i a l i t y  and their competence. 

i s  a real  danger t o  jeopardizing t h e  scheme, f o r  the  results of t h e  

It i s  unlikely t h a t  bias 

ca tegor iza t ion  w i l l  be open t o  scru t iny  by a l l  the p a r t i c i p a n t s  i n  

t h e  evaluation process, who co l l ec t ive ly  have spec ia l ized  competence 

, 

i n  t h e  e n t i r e  subject matter t o  be categorized. Severe incongrui t ies  

would sure ly  be noticed and t h e i r  consequences discounted. 

formidable i s  the  task of finding people of r e q u i s i t e  breadth and 

More 

maturity who can devise acceptable categorizations.  It i s  probably 

beyond human a b i l i t y  t o  f i n d  completely s a t i s f a c t o r y  c l a s s i f i c a t i o n s ,  

and only experience w i l l  t e l l  us whether s u f f i c i e n t l y  t a l en ted  per- 

sons become ava i lab le  for the task. 

With respec t  t o  t h e  basis, we need concern ourselves w i t h  i t s  

being complete and i t s  being orthogonal. 

t h e  ca tegor ies  must make room for  all t h e  elements of t he  t o p i c  being 

considered. For example, t h e  categorization of t h e  publ ic  welfare 

i n t o  sec to r s  must contain sec tors  which take i n t o  account all aspects 

of  publ ic  welfare - thus medical. progress, f o r  instance,  must ei ther 

By "complete" we mean t h a t  
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be subsumed under a wider sector (say hea l th )  o r  be l i s t e d  as a 

separa te  sec tor .  

t o p i c  being considered must be included i n  on ly  one of t h e  categories.  

For example, each aspect of science and technology must be included 

under only one sc ien t i f ic - technologica l  d i s c i p l i n e  - thus "bio- 

chemistry" must not be subsumed under both "biology" and "chemistry" 

taken as wider separate categories,  and thereby have i t s  p o t e n t i a l  

cont r ibu t ion  counted twice. 

By "orthogonal" we mean t h a t  each element of t h e  

Even though i d e a l  bases cannot be a t t a ined ,  p r a c t i c a l  com- 

pleteness,  can be obtained by placing over t ly  mitted elements more 

o r  less a rb i t r a r i l y  i n t o  some accepted category. 

appear when the scope of t h e  topic i s  extended beyond i t s  t r a d i t i o n a l  

boundaries, as when t h e  conception of public welfare i s  gradually 

widened, o r  when novel d i sc ip l ines  appear as claimants f o r  admission 

t o  t h e  t r a d i t i o n a l  l ist .  Then new elements may be overlooked. Ortho- 

gonality,  even p rac t i ca l ,  is  not so easily obtained, and we must hope 

t h a t  i t s  l a c k  can be compensated f o r  by means of t h e  adjustment process, 

which should make c l e a r  t h e  region of overlap of categories.  

Deeper problems 

2) D i f f i c u l t i e s  i n  t h e  evaluation process. The problems a r i s i n g  

i n  t h i s  s t e p  occur primarily i n  s e l ec t ion  of t he  agents responsible 

f o r  the evaluation. 

expect no g rea t  d i f f i c u l t y  i n  finding such people. 

t h e i r  own s p e c i a l t i e s  and r e s p o n s i b i l i t i e s  i s  t o  be expected. "his 

bias, however, i s  e s s e n t i a l l y  neutralized by making it l a rge ly  irrele- 

Obviously they should be competent, and we should 

Bias i n  favor of 
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- v a t  i n  a s p e c i f i c  evaluation. 

atomic-energy na t iona l  laboratory evaluates r e l a t i v e  claims of 

For example, the rnanwer of an 

b a s i c  research, applied research, and development only i n  the  f i e l d  

of atomic energy, and hence h i s  leg i t imate  bias towards atomic 

energy cannot influence the  claim of atomic energy versus molecular 

biology or  space science. 

be biased w i t h  respect t o  subjects t h a t  he i s  evaluating, though he 

has  no profess iona l  commitment t o  q v  of them; but t h i s  b i a s ,  i f  

An individual evaluator may, of course, 

ever suspected, can be taken in to  account by comparing h i s  evalua- 

t i n g  w i t h  t h a t  of several of h i s  peers. 

defense expert may judge tha t  high-energy physics i s  of grea te r  

For example, a m i l i t a r y -  

p o t e n t i a l  b e n e f i t  t o  the mission of h i s  agency than  i s  molecular 

biology; i f  the re  i s  any reason t o  suspect t he  impar t i a l i t y  of t h i s  

judgment, o the r  military-defense exper t s  can be consulted, and t h e i r  

opinions taken i n t o  account i n  assessing the  soundness of t he  judg- 

ment of t he  f i rs t  expert. Such a procedure does not guarantee 

e i ther  f a i rnes s  o r  correctness,  but it discourages f l a g r a n t  d i s -  

t o r t i o n  a t t r i b u t a b l e  t o  bias. 

With respect t o  the  b a s i s  for estimating t h e  p o t e n t i a l  cont r i -  

butions o r  importance of a given top ic ,  we admit at t h e  ou t se t  t ha t  

value judgments are subjective.  We are sanguine, nevertheless,  about 

the prospect f o r  achieving reasonable agreement on e f f e c t i v e  quanti-  

f i c a t i o n  of values on e x i s t i n g  s i tua t ions ,  as we have set f o r t h  i n  

Section I. On s i t u a t i o n s  of the  future, we are not so  hopeful. 
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Estimating the  p o t e n t i a l  contribution of high-energy physics t o  

medicine, f o r  example, means multiplyinp, an unforeseeable gain by 

an unknowable probabi l i ty .  The t r a d i t i o n a l  example of Roentgen's 

work i n  atomic physics with gas-discharge tubes, which l e d  t o  the  

discovery of X-rays ,  shows how hard  it i s  t o  f igu re  odds i n  t h e  

s c i e n t i f i c  l o t t e r y  when t h e  payoff i s  i n  s o c i a l  gain.* It is 

our f e e l i n g  t h a t  t h i s  p a r t  of t h e  problem m a y  w e l l  be incapable 

of reso lu t ion ,  and w i l l  retreat i n t o  the dark r e a s  of the psy- 

chology of be t t i ng .  But i t s  very consideration should neu t ra l i ze  

the arm wavers, and force t h e  discussion i n t o  a more sensible basis. 

3) D i f f i c u l t i e s  i n  the adjustment process. Here at l e a s t  we 

are i n  no quandary about agents, f o r  as evaluators they have already 

been se lec ted  e a r l i e r .  Detailed procedures a re  a l i t t l e  vague t o  

foresee, and it i s  probably premature t o  make too  s p e c i f i c  recommen- 

dations.  

a l a rge  hoc$ of p rac t i ce  z ~ 6  a aiiid.3. l i t e r a t u r e  of theory exist. 

The adjustment i s  a kind of bargaining process, f o r  which 

Most c lose ly  related experience would seem t o  be exemplified i n  

Senate-House connnittee conferences, and business or  un ivers i ty  budget- 

i n g  sessions.  Direct antagonism, as i s  c h a r a c t e r i s t i c  of say labor- 

management disputes,  seems foreign t o  t h e  kind of meeting-of-minds 

t h a t  is indicated. 

* To make matters worse, even when t h e  p r o b a b i l i t i e s  and the  payoffs 
me k n m ,  humans of t en  operate w i t h  a subjec t ive  probabi l i ty  differ- 
e n t  from t h e  objec t ive  one, p a r t i c u l a r l y  when it i s  very low. 
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4) Complexity bnd unwieldiness. The scheme i s  obviously 

complex, but  s o  i s  t h e  subject  matter w i t h  which it deals. The 

complexity e n t a i l s  two disadvantages. The first i s  readi ly  apparent, 

tha t  it engenders expense i n  time and money; t h e  second i s  less per- 

spicuous, that  complexity of the  s p e c i a l  kind involved here tends t o  

repel l e g i s l a t o r s ,  however cozily it m a y  nes t l e  down i n  t he  in t r i cacy -  

loving mind of academics. AS a consequence the  scheme w i l l  meet an 

unsympathetic recept ion above and beyond what it deserves on the 

basis of i ts  i n t r i n s i c  demerit. The t echn ica l  staff of a l e g i s l a t i v e  

committee, however, m c q  not be repel led by t h e  complexity, and can 

i n t e r p r e t  t he  conclusions t o  the committee and render t h e  scheme 

p a l a t  able. 

Unwieldiness i s  a r e l a t i v e  matter, and cannot be judged apar t  

frm comparison w i t h  a l te rna t ives .  

over, can do much t o  mi t iga te  the  weightiness. 

t e l l .  

Dedication and ingenuity,  more- 

Only experience w i l l  

I n  t h e  Large 

1) D i f f i c u l t i e s  a r i s i n g  from incompleteness. The scheme does 

not take e x p l i c i t  account of the p r iva t e  sec to r  i n  supporting science 

and technology. I n  t h e  adjustment process, however, some accomodation 

m8y be made. For example, a f i e l d  of border l ine  acceptab i l i ty  or of 

marginal promise tends t o  be re jec ted  out of  hand f o r  publ ic  support 

i f  p r iva t e  funds are  ava i lab le .  I n  a way such ac t ion  i s  r eg re t t ab le  

, 
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though probably inevi tab le .  Less fashionable f i e l d s  t h u s  tend t o  

g e t  shortchanged, ::.s i n  any system where s i n s  of commission are 

obvious and s ins  of omission are not. 

2) D i f f i c u l t i e s  a r i s i n g  from unacceptabili ty.  Some persons 

w i l l  f i nd  the  scheme unacceptable i n  p r inc ip l e  because it; appears t o  

lend  t h e  trappings of s c i e n t i f i c  procedure t o  what i s  i n  i t s  essence 

a non-scientific process. Y e t  even i f  we can give meaningful de f i -  

n i t i o n  t o  " s c i e n t i f i c "  and "nonscientific" i n  t h e  present context, we 

can  sa^ that what the scheme tries t o  do i s  t o  make very c l e a r  which 

aspec ts  of t he  problem are amenable t o  s c i e n t i f i c  procedures and 

which as&cts are not. 

o r  abused. 

Like any other  t oo l ,  t h e  scheme can be used 

Other persons Will f ind  t h e  scheme unacceptable because 

of  imprac t ica l i ty ;  only experience can show t o  what ex ten t  it m a y  be 

useful.  

3) D i f f i c u l t i e s  a r i s i n g  from success of t h e  scheme. If t h e  

scheme were te prwe highly s--- uLLLFiU~f-~l, * io  daigera we t o  be aiiii- 

cipated.  

imaginativeness because it favors f a sh ionab i l i t y  and q u a n t i f i a b i l i t y  

The first is  t h a t  the  scheme might tend t o  encourage un- 

i n  f i e l d s  rece iv ing  support. Perhaps the b e s t  safeguard would be t o  

have only very general  a l loca t ions  m a d e  at high l e v e l s ,  w i t h  d e t a i l e d  

funding l e f t  autonomous a t  t h e  lowest l e v e l s  possible.  The second 

danger is  a r e l a t e d  one: t he  scheme might render government support 

t oo  monolithic, with the  consequence t h a t  an unpopular f i e ld  might 



38 

be shut out from a l l ' s u p p r t .  

the ability to foresee the future exceeds success in foreseeing it, 

alternative routes for implementing unfashionable fields need to be 

accessible. 

So long as cocksureness concerning 
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. V. POTENTIAL BENEFITS . 
Educative 

1 )  To members of the  sc ien t i f ic - technologica l  community. 

Enough u t te rances  from t h e  spokesmen for  science and technology are 

on record t o  demonstrate t h e  i n s u l a r i t y  w i t h  which many of i t s  prac- 

t i t i o n e r s  view the  r o l e . o f  the government i n  giving support t o  their  

occupation. Among t h e  more widely-circulated f a t u i t i e s  a re  the  ex- 

t ravagant  o r  t r i v i d  claims made f o r  high-energy physics, Mohole, 

and space science on t h e  one hand, and the intemperate and i l l o g i c a l  

c r i t i c i s m ' o f  these  same a c t i v i t i e s  on the  other .  Anyone who follows 

through the  scheme's procedures f o r  ident i fy ing  the  elements of 

s c i e n t i f i c  choice t h a t  axe amenable t o  r a t i o n a l  approach, and f o r  

l i s t i n g  the components of the public w e a l  t o  which any government- 

supported a c t i v i t y  i s  supposed t o  contr ibute ,  cannot he lp  gaining 

m- 2pprecint.ion of how the rest of soc ie ty  w i l l  look at h i s  a c t i v i t y ,  

and of t h e  degree t o  which h i s  pos i t ion  has only emotional rather 

than  l o g i c a l  s t rength.  Thus education of the  e l i t e  w i l l  proceed. 

To nonmembers of the sc ien t i f ic - technologica l  community. 2) 

Anyone who cares  t o  follow the  procedures i n  the scheme w i l l  gain an 

idea not merely of t h e  mater ia l  bene f i t s  r e s u l t i n g  from science and 

technology (which top ic  has been labored beyond endurance), but  a l s o  

of t he  i n t e l l e c t u a l  and humanistic f r u i t s  of such a c t i v i t y .  For 

instance,  one m a y  gain an appreciation of t h e  i n t e l l e c t u a l  satis- 

f a c t i o n  and s t imulat ion,  and of the emancipation frm i r r a t i o n a l  

fears, t h a t  a t tend the enlightenment t h a t  science throws on n a t u r a l  

processes. 
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Ind ica t ive  

The scheme w i l l  i den t i fy  d i sc ip l ines  i n  science and technolorn 

t h a t  mqv be receiving support out of proportion t o  t h e i r  estimated 

contribution. The disproportion m a y  be i n  e i t h e r  d i r ec t ion ,  of 

course. "he scheme should be viewed as merely an i d e n t i f i e r  of 

f ields t h a t  bear exanination, rather than as a pos i t i ve  ind ica to r  

of out-of-balance. Its' value here may be important without being 

harmful - f ie lds  tha t  stand suspected of obtaining support g rea t e r  

than  warranted w i l l  have t h e i r  champions i n  any event, who ma;l in- 

deed be vindicated; whereas the  f i e l d s  t h a t  a re  promising but not 

prominent w i l l  have a t t e n t i o n  drawn t o  them and hence will require 

p o s i t i v e  ac t ion  i n  order t o  be s l igh ted ,  i n  cont ras t  w i t h  t he  present 

s i t u a t i o n  where they requi re  pos i t i ve  ac t ion  t o  avoid being slighted. 

Efficiency-producing 

The scheme i n  essence produces a kind of "equal marginal u t i l i t y "  

f o r  the support of each d i sc ip l ine ,  as measured by the  categorization- 

evaluation-adjustment process. We m a y  hope t h a t  the persons involved 

i n  t h e  process are reasonably competent and well-informed, and we have 

t r ied to bu i ld  i n t o  t h e  scheme some provisions t o  u t i l i z e  t he i r  s k i l l s  

and minimize t h e  consequences of t h e i r  Siases. It i s  important t o  bear  

i n  mind t h a t  the scheme is not intended t o  a l loca t e  the  resources. The 

scheme i s  intended t o  inform the decision makers concerning a l loca t ions  

t h a t  produce e f f i c i ency  as judged by the  i n t e r e s t e d  p a r t i e s ,  and t o  l e t  

the decision makers (and t h e  public t o  whom they are respons ib le )  see 

c l e a r l y ,  and thereby be i n  pos i t ion  t o  defend e f f e c t i v e l y ,  any depar- 

- 



41 

. 

-tures from ef f ic iency  t h a t  they make for  ex te rna l  reasons, as for 

ins tance  accep tab i l i t y  t o  the  public, response t o  pressure groups, 

p o l i t i c a l  trade-offs,  economic disequilibrium, and so on. 

Benef i t s  r e s u l t i n g  from unwieldiness 

1) Worn complexity. The complexity of t he  scheme renders i t  

d i f f i c u l t  f o r  unscrupulous pa r t i c ipan t s  t o  ca l cu la t e  accurately t h e  

e f f e c t s  of any machinations. Attempts at  disingenuousness m a y  w e l l  

be detec ted  somewhere during the adjustment process, and even i f  

they are not, they may wel l  produce e f f e c t s  opposite t o  those in -  

tended. Thus, over se l l i ng  a d i sc ip l ine  may produce an excessively 

high r a t i n g  f o r  it, but  may lead t o  incongrui t ies  i n  t o t a l s  o r  i n  

agency assignments: the ne t  advantage may be zero o r  negative. 

2) From difficulty. The d i f f i c u l t y  of completely s a t i s f a c t o r y  

ca tegor iza t ion  and t h e  d i f f i c u l t y  of acceptable evaluation w i l l  keep 

the scheme frm being taken excessively seriously.  

w i th in  a given d i sc ip l ine  or  within a given agency w i l l  be able t o  

maintain that  some channels must be available outs ide  the  scheme. 

We w e e  whole-heartedly; but a t  the same time we have de l ibe ra t e ly  

placed t h e  burden of proof upon the pleaders. A t  any rate, the 

d i f f i c u l t i e s  inherent i n  t h e  scheme would seem t o  provide a safe- 

guard aga ins t  i t s  c rea t ing  a monolithic s t r u c t u r e  f o r  government 

support of science and technology. 

Hence, pleaders 
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V I .  GENERALIZATIONS AND REFINEMENTS 

Generalizations are obviously t o  be considered i n  extending 

t h e  p r inc ip l e  of t he  scheme downward t o  subdivisions i n  each c l a s s ,  

for example, ass igning p r i o r i t i e s  t o  missions within a program; o r  

upwards t o  categories  of wider scope, f o r  example, a l loca t ing  re- 

sources among department and independent o f f i c e s  of the Federal  

government. 

Refinements are possible  i n  generating more sophis t ica ted  and 

conplete categorizat ions,  i n  pa r t i cu la r  i n  attempting t o  f ind  differ- 

e n t  bases, f o r  the  public-welfare sec tors ,  and i n  ca l cu la t ing  the 

adjusted warranted allotments t o  them. Insofar  as the  two different 

bases are complete and orthogonal, they should give the same adjusted 

warranted allotments.  If they do not, t h e  discrepancies  will at 

least give clues  about where the formulations are inadequate. 

Extensions are poss ib le  i n  ge t t i ng  evaluat ions from wider 

classes of pa r t i c ipan t s .  I n  pa r t i cu la r ,  it might be poss ib le  t o  

include t h e  s p e c i a l i s t  i n  the sc i en t i f i c - t echn ica l  d i sc ip l ines  i n  

t h e  judging process. 

experts i n  t h e  public-welfare sectors ,  and perhaps receive general  

guidance from the decision-making body before making t h e i r  estimates. 

They could produce t h e i r  preliminary warranted allotment matrix, 

which could be compared w i t h  t h a t  produced i n  the  present  scheme. 

It might be possible  t o  combine both sets of estimates t o  produce 

a s ing le  averaged matrix. Whether the  symnetry added by such a 

procedure would make t h e  process b e t t e r  o r  worse i s  a quest ion 

These s p e c i a l i s t s  could be briefed by the  
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that bears study. 

Par ts  of t he  scheme could be u t i l i z e d  by bodies o ther  than 

t h e  decision-making one. For example, t h e  Bureau of the Budget, aa 

arm of the executive branch, m i g h t  f i nd  the  matrix use fu l  i n  pre- 

par ing the  budget f o r  submission t o  the  l e g i s l a t i v e  branch; or a 

p r iva t e  foundation might be wi l l ing  t o  provide support t o  areas 

suggested by t h e  scheme', bu t  which f o r  one reason or another cannot 

receive adequate governmental support. 
! 
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